University of Madrid (UPM) receive an in-depth knowledge of mechanical design and manufacturing processes, but the increasing interaction with other engineering branches, induces the need to integrate concepts which allow students to make an integral design of new products, and thereby facilitate their subsequent integration into multidisciplinary engineering teams in industry.
INTRODUCTION
Mechanical/Industrial Engineering students at Higher Technical School of Industrial Engineering (ETSII) of Technical University of Madrid (UPM) receive an in-depth knowledge of mechanical design and manufacturing processes. The increasing importance of the electronics, hydraulics, pneumatics, etc. in this field induces the need to integrate multidisciplinary knowledge which will allow students to make a whole design of new products and thereby facilitate their subsequent assimilation into multidisciplinary engineering teams in industry.
The use of project-based learning that allows students to participate in complex projects was already reported quite a while ago. Examples of these experiences can be found in many areas, with a positive evaluation in the case of learning in engineering.
The main objective of this experience has been to design a set of projects to be developed by students, mainly in the area of automated engineering, where students have to work in cooperative groups of three and have to integrate their results with groups from three other different subjects. They used a Wiki server to share and prepare their work content. This server integrates the information available from all projects with the following advantages:
x "Out-of-the-classroom" discussion with the ensuing improvements in students' ability to conceptualise. x A simple, homogeneous compilation of the documents contributed by students. x The chance to improve knowledge in other areas of interest.
The use of collaborative WEB environments is now commonplace in university education [1] [2] . The new technology platforms such as Blogs, Wikis and RSS feeds are proving to be invaluable educational tools that satisfy the constructivist theories of active learning [3] . Some experiences are specifically oriented towards teaching in Engineering and many are suited to collaborative work [4] [5] .
Some authors emphasise creating case study portfolios to promote an efficient understanding of concepts by students [6] . These case studies give rise to different ideas and have been proven to be an ideal mechanism for stimulating conceptualisation.
The Wikis are an excellent environment for a knowledge repositories and many experiences have been developed in teaching [7] [8] and in industry [9] .
The use of Wikis helps improve students' reasoning abilities and their interaction with Wikis, and can be done outside the classroom as previous experiences have shown [10] , where work on a collaborative project is considered as a way for students to add to the knowledge acquired in theory classes.
II. PROJECT DEVELOPMENT

A. Team organization
This educational initiative has been applied in four topics directly affecting 110 students working in different subjects and another 44 students that set the work for the students in each group of independent students.
The wordings for these works were launched with their particularities for the different subjects comprising the experience: TEC and SIM are topics in the Mechanical Engineering curriculum at the ETSII and are taught in the sixth semester while FAB is part of the Industrial Engineering programme taught in the eighth semester, and finally CAD is a free choice subject. Students in these subjects have carried out application projects for years but with this new experience, they are moving towards collaboration between disciplinary teams in different subjects. A collection of manufacturing cells was proposed to be worked on from four different points of view, to study and analyze them, and subsequently four different team approaches would be embraced to be solved in each of the previously mentioned topics.
This project carried out by students is shown in Figure 1 from four points of view reflected by the typical topics of these subjects and, therefore the tasks to be solved are seen from four different approaches.
Groups of three students were selected for each project and topic except for CAD which were two-student teams. Initially the teacher and students set the boundaries of the project for each topic.
The teachers involved in this experience organised fortnightly coordination meetings in order to coordinate course content timetables. Figure 2 shows an example of a problem in handling an automatic packaging machine. The difficulty of the projects proposed is uniform, but the work sequence and other specifications must be set in advance for each topic. Ten different types of manufacturing cells were designed. The cells proposed are shown in Table I:   TABLE I. MANUFACTURING CELLS
Manufacturing cells Acronym
Parts manipulation in injection molding process DPPMI 
B. Publication and development on the collaborative Web
When each team has defined their particular area of contribution, the collaborative Web begins its task, which is basically to integrate all the information from student contributions and show it to the other teams with the purpose of enhancing the overall quality of the results produced. To facilitate an exchange of experiences and communication among the team members assigned to developing each manufacturing cell for the different topics. Once a week they could use a collaborative classroom, where the 11 members from the different topics that had designed the manufacturing cell could exchange information face-to-face or solve problems that could not be sufficiently clarified by the Wiki. Figure 3 shows one of these inter-group exchange classes in which the different teachers from the four topics involved answered any query and realized how the projects were progressing. In the FAB and TEC topics, the rest of the students worked to provide the main groups with information ( Figure 4 ). Figure 5 shows a solution to the formulation of the problem set in Figure 2 by the CAD team, chosen for publication in the so named WikiFab collaborative Web (acronym of Wiki Fabrication) [11] . MediaWiki 1.11 was chosen for its simplicity of configuration, its popularity (it is used in Wikipedia) and its powerful Wiki functionality.
In this Wiki, students must perfect the different issues set in the project. The discussion page contains everything related to working sequence and the starting conditions, such as the parts references provided by the manufacturers or the various design changes ( Figure 6 ). All this information is discussed not only by the team members themselves but they also can receive comments from the members of other teams.
It is important to mention that the recommended format for offering solutions is a graphic format. This forces students to train their synthesis skills to express the objectives of their models through schematic outlines or diagrams. In another of the machinery stations, Figures 6 and 7 show different approaches to the proposed project model and the solution adopted respectively. The discussion page currently allows interacting with the teacher and other team members to be able to discuss the details of the proposed model. 
III. RESULTS
Every week, the students involved had to fill in a set of reports to evaluate team progress, interaction with other members and the problems they found in the assimilation of the project. These evaluation reports were prepared using Google Docs forms. Teachers use these reports to detect bad team behaviours and delays in the teamwork process.
Two general checks were also made midterm and at the end of the semester to evaluate satisfaction and the evolution of competencies. Figure 8 shows the average mark attained for TEC, CAD, SIM and FAB by students who took part in this experience (Project Based Learning PBL) and those who did not. It can be seen that there is difference between the two groups in the different topics as well as in the progress of the competencies developed. 
A. Influence on the marks of the subjects involved
B. Follow-up checks
Two checks were made midterm and at the end of the semester to evaluate student satisfaction. The questions contained in the survey were scored on a scale of 0 (zero) to 5 (completely in agreement). The questions were as follows (Table III):   TABLE III. CHECK QUESTIONS
Question Number Question
Q1
Select your subject.
Q2
The 'multidisciplinary' work method is preferable to classic 'teacher-delivered lectures' Q3 I think my work assessment method is correct
Q4
The teacher recognises the extra effort required to do work outside the classroom
Q5
The effort made to take part in the project is worthwhile. It would be a mistake not to take part in this experience. 
C. Statistical analysis
The results of these surveys were analysed statistically, obtaining the findings described below. 154 students answered the surveys: 23 students were enrolled in the CAD subject, 53 students applied in FAB topic, 28 students were working in SIM and 50 students in FAB. Figure 9 reflects how at the end of the semester the scores for satisfaction showed a perceived improvement in competencies, although not in a major way, since from the start of the programme students perceive a positive improvement in their competencies. The multidisciplinary method used compared to the traditional one is scored favourably (Q2). Regarding question Q6 "Would you recommend it to a friend?" the following results were obtained. It can be seen how in midterm students are doubtful of the benefits of the programme. However, at the end they are satisfied (Figure 11 ). Chi-square test were made and 'P-value = 0' (< 0,1) so we can reject the hypothesis that rows and columns are independent at the 99% confidence level.
Therefore, the observed value of Q6 ( fig. 11 ) in the midterm survey is related to its value for its subject. This Q6 question was studied in the final survey again obtaining a clear correlation with the topic's students belong. Performing the Chi-square test, Since the P-value = 0,0056 is less than 0.01, we may reject the hypothesis that rows and columns are independent at the 99% confidence level. Therefore, the observed value of Q6 in the final survey case is related to its value for the applied subject. 
D. Analysis by subject
An ANOVA analysis was made of the different student opinions regarding the topic they were studying. These findings refer to the final survey conducted in the semester. The response to Q2 shows discrepancies between the CAD and TEC groups (Figure 14) . We use the Student t-test to know if the groups are or not are homogeneous.
The responses to Q3 and Q4 show a homogeneous distribution for all groups. The response to Q5 shows discrepancies between the FAB and TEC groups. The FAB students do not positively score the extra effort required compared to multidisciplinary work.
On the other hand, these students are from the Industrial Organization specialisation and are not purely Mechanical Engineers (Figure 15 ). However, question Q7 did show more disparate performance as Figure 16 shows. The SIM and TEC students score it very positively, which was not the case with the other groups.
The SIM students found the Wiki to be a very useful environment for developing their work and the TEC group, moreover, was driven by a teacher who was highly enthusiastic about its use and deployment. The CAD students did not perceive any improvement in their work in multidisciplinary teams (Q8) compared to the other groups (Figure 17 ).
The TEC and FAB groups considered they had improved their time calculation estimates for jobs (Q9) better than the other teams (Figure 18 ). Regarding Q11, the ability to exchange information was compared to other teams. All the means were above 3.5 points with the FAB teams giving the highest scores (Figure 20) .
The FAB teams best score leadership ability (Q12). The CAD teams do not consider they have improved their leadership abilities (Figure 21 ). 
IV. CONCLUSIONS
We have presented an experience for a large number of students involved in four topics from two different specialisations related to the Mechanical Engineering course of the Industrial Engineering degree. The use of a collaborative Web environment has made it possible for students to work in multidisciplinary teams. Students analyse, reason, discuss and decide on the solutions that their companions keep suggesting until completion of the project. This project has enabled students to approach a problem from four different points of view and mould them to the opinions of the other contributions from different subjects.
This new way of carrying out the project in this paper and its subsequent discussion has been very enthusiastically received by the student body and the teaching staff who consider it a simple alternative for promoting collaborative tasks between different groups.
The Web structure will let a major set of automated manufacturing case studies to be collected in a homogeneous format that may well become a virtual reference space in this area.
